Background-Growing evidence suggests that intestinal recovery from injury induced by radiation, endotoxin, and protein deficiency is improved by the ingestion of nucleosides and nucleotides. Aim-This study examined the effect of dietary nucleosides and nucleotides supplementation on trinitrobenzene sulphonic acid induced colonic damage in experimental colitis. Methods-Sprague-Dawley rats were randomised into two groups and fed nucleic acid free 20% casein diet (control) or this diet supplemented with 0.5% nucleoside-nucleotide mixture for four weeks. On the second week, colonic inflammation was induced in rats by intracolonic administration of 0.25 ml of 50% ethanol containing 25 mg of trinitrobenzene sulphonic acid. Additionally, other sets of rats were treated with 0.25 ml of 50% ethanol, 25 mg of trinitrobenzene sulphonic acid in 0.25 ml saline, or 0.25 ml of 0.9% saline. Results-After two weeks, colon weight, macroscopic and microscopic damage scores, were significantly greater (p<0.05) in the nucleoside-nucleotide supplemented group compared with the nonsupplemented control groups. The same variables seen in the trinitrobenzene sulphonic acid-ethanol group fed nucleosidenucleotide free diet were greater (p<0.05) than in the rest of the groups fed nucleoside-nucleotide free diet and treated with ethanol, trinitrobenzene sulphonic acid in saline, or saline. Histologically, segmental ulceration and inflammation associated with significantly increased infiltration of polymorphonuclear leucocytes, macrophages, lymphocytes, fibroblasts were observed in the supplemented group compared with the controls. In the nucleoside-nucleotide supplemented group the epithelial damage, mucosal erosion, oedema, and coagulative necrosis of the muscularis propria was more extensive in comparison to the non-supplemented control groups. Conclusions-This study suggests that dietary nucleosides and nucleotides may aggravate colonic damage and inflammation in chemically induced experimental colitis in rats; and that nucleosidenucleotide free diet combined with other pharmacological agents may offer a better response.
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Over the past decade our laboratory, and many others, have been engaged in the search to identify the specific nutrient(s) necessary to maintain gut integrity and function after injury.'-3 Dietary nucleosides and nucleotides were reported to prevent the intestinal mucosal atrophic changes in rat ileum induced by total parenteral nutrition,' increased the rate of maturation and growth in the young rat as determined by intestinal mass, RNA and DNA, protein concentrations and activity of brush border enzymes in the proximal and distal sites of the small intestines.5 Nucleotide and nucleoside supplementation also restored crypt depth and villus height after induction of diarrhoea6-8; improved gut morphology and reduced the incidence of bacterial translocation in protein deficient mice.91 Dietary nucleosides and nucleotides are also implicated in the maintenance of the immune system. [11] [12] [13] Ulcerative colitis (UC) and Crohn's disease (CD) are major inflammatory bowel diseases (IBD) in humans. Animal models of colitis have been developed in rats, mice, guinea pigs, and rabbits,'4 and histopathological evaluations of lesions in these animals show disruption of the intestinal mucosa, crypt abscesses or loss of crypts, epithelial thinning, superficial ulcerations and polymorphonuclear cell infiltration of the lamina propria." 16 
Study protocol
After the period of acclimatisation, the rats were randomised into two groups according to the dietary treatment. Each diet was started two weeks before the instillation of 2,4,6-trinitrobenzene sulphonic acid (TNBS), and was continued until the rats were killed. After two weeks on the diet, each rat received an intracolonic instillation of TNBS (0.25 mg/ 0.25 ml) and killed two weeks later, and the damage to the colon was investigated. TNBS TNBS (Wako Chemical Co, Japan) was dissolved in 50% ethanol to a final concentration of 100 mg/ml; and then 0.25 ml was instilled intracolonically into each animal used for the experiment.
Diet
The control groups of rats were fed 20% nucleic acid free casein diet (NFD), and the remaining group of rats the same diet supplemented with 0.5% nucleosidenucleotide mixture (NNM) per kg diet throughout the investigation. NNM (Ohtsuka Pharmaceutical Factory Inc, Tokushima, Japan) is a mixture of nucleosides and a nucleotide consisting of inosine (8 g/l), guanosine monophosphate (12.2 g/l), cytidine (7.3 g/l), uridine (5.5 g/l), and thymidine (1.85 g/l) at a molar ratio of 4:4:4:3:1. Table I shows the composition of the diets. The diets were Induction ofexperimental colitis After a 16 hour fast, rats in each group were sedated by an intraperitoneal administration of 50 mg/ml sodium pentobarbital (Wako Chemical Co, Japan; 0O1 ml/100 g body weight). A polypropylene catheter was lubricated with jelly and inserted 8 cm via the anal canal into the colon of the rat just proximal to the splenic flexure. TNBS (100 mg/ml) dissolved in 50% (vol/vol) ethanol was instilled into the colon (total volume of 0.25 ml per rat). After instillation the rats were supported in a supine position until recovery from anaesthesia to prevent immediate anal leakage of the instillate. The control groups of normal rats received (administered as before) 0.25 ml of either 50%/o ethanol, 25 mg of TNBS in 0.9%/o saline, or 0.9% saline alone.
Assessment of colonic damage Two weeks after the instillation, the rats in each group were killed by an injection of sodium pentobarbital intraperitoneally. The distal induction of colitis, a slight decrease in total body weight was seen for one week in all the groups except Group 1. The growth rates returned to normal two weeks after induction of colitis in Groups 1 and 2 (Table III) . In Groups 3-5, the growth rates two weeks after induction were slightly lower relative to the weights before induction. Diarrhoea was observed in >40% of the TNBS/ethanol administered rats (Groups 4 and 5) but never seen in the other control groups. There was bowel obstruction in the TNBS/ethanol administered groups (Groups 4 and 5) when the rats were killed. There was no death in any of the groups during the period of investigation.
Colonic inflammation Macroscopic and microscopic examinations showed varying degrees of colitis in all the animals administered TNBS in 50% ethanol (Groups 4 and 5), TNBS in saline (Group 3), and 50% ethanol (Group 2) whereas inflammatory changes were absent in the saline administered group (Group 1). After two weeks, colon weight and macroscopic damage score, in the rats administered TNBS/ethanol and fed NNM (Group 5) were greater (p<0 05) compared with the rest of the groups (Groups 1-4) ( Figure A, B Colon weight (A), macroscopic (B), and micros4 damage scores ofrats killed two weeks after intra administration of 0.25 ml TNBS/ethanol (100 TNBS/saline (100 mg/ml), 50% ethanol, or 0. proliferation, production, and function of these immune cells leading to severe colonic damage and inflammation in the rats fed the supplemented diet. The mechanism(s) underlying the worsened conditions of rats fed nucleosides and nucleotides cannot be discerned from our study.
Published reports on the effects of dietary nucleosides and nucleotides on the production of other cytokines such as IL1, IL6, IL8, and TNF are scanty. To our knowledge, our study is the first report that has assesed the effect(s) of nucleosides and nucleotides on experimental colitis in rats. It seems probable that the effects of diet on IBD are multifactorial. Although the precise mechanisms are not well understood, both enteral and parenteral nutritional support has been reported to be efficacious for the symptomatic treatment and management of CD.23 4' Comparison between enteral diets having different sources of nitrogen in the treatment and management of CD, IBD, and UC has yielded inconclusive results. 43 4 It has been suggested that the efficacy of such elemental diets in the treatment of CD is probably because they contain no purines or pyrimidines.45 46 Determination of the role of diet in the aetiology and pathogenesis of colitis is important to formulate a logical approach to treatment as well as determine which components of the diet might be the precipitating factor(s) in these conditions.
In conclusion, this study suggests that dietary nucleosides and nucleotides may aggravate colonic damage and inflammation in experimental colitis induced in rats; and that it is probable that their absence in enteral diets used for the treatment and management of IBD, UC, and CD contributes to the observed clinical remission in patients. Some studies have also suggested that the success of such enteral diets in the treatment and management of IBD, UC, and CD is due to their low n-6 polyunsaturated fatty acid content,23 and that n-3 fatty acids exert a beneficial effect on the progression of colitis.47 However, in our study, all dietary groups contained the same amount of soybean oil and it is therefore unlikely that the observed differences were due to the adverse effect of the fatty acid composition of the diet. It is therefore possible that the absence of NNM and the low n-6 polyunsaturated fatty acid content of such enteral diets are both beneficial for the treatment of CD patients. Further studies are necessary to understand and define exactly the role of dietary nucleosides and nucleotides in inflammatory bowel diseases.
